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BOX II. OBSERVATIONS WHERE UNITY OF INVENTION WAS LACKING 
This ISA found multiple inventions as follows 



This application cur.uins the following inventions or groups of inventions which arc not so hnked as to lorm a single 
inventive concept under PCT Rule 13.1. In order lor oi! inventions to he scorched, the appropriate additional search 
fees niusl be paid 



Group I, cbim(s) 1-5, drawn to polypeptides of CCR5 

Group II, claimtsl 6-8, drawn to polypeptides of HIV gp]20 which bind CCR5. 

Group III, clatin<s; 9-10. 17-18, and 36-42, drawn to antibodies which bind CCR5 

Group IV, claim(s) 11, drawn to a method of treating HIV infection using CCR5 or gpl20 

Group V, claim(s) 12, drawn to a method of preventing HIV infection using CCR5 or gpl20 

Group VI. clairnis) 13-16 and 43, drawn to methods of inhibiting HIV-1 infection usuij: a non-cheinok inc CCR5 ligand. 
Group VII, daunts) 19-2 1 and 24. drawn to a composition containing a CCR5 ligand and an additional ligand 
Group VIII, daunts) 22-24 and 44-46, drawn to pegyiated CCR5 hgands 

Group IX, claim(s) 25 and 47, drawn to methods of preventing HIV infection using a non-chemok ine CCR5 ligand 
Group X. claim(s) 26 and 48, drawn to methods of treating HIV infection using a non-chemokine CCR5 ligand. 
Group XI. daunts) 27-30, drawn to screening assays for CCR5 hgands 
Group XII, daunts) 31-34. drawn to transgenic animals 

Group XIII, c la lints; 35, drawn to a transformed host eel I expressing CCR5 

The inventions listed as Groups V 1 1 - V 1 1 1 and XII XIII do not relate to a single inventive concept under PCT Rule 

13.1 because, under PCT Rule 13 2, they lack the same or corresponding special technical features for the following 
reasons: The inventions ol groups I III, V II - V 1 1 1 and X 1 1 X 1 11 are directed to different products which differ in their 
chemical structure, function and hudogical activity and are not so linked by a special technical feature with in the 
meaning of PCT Rule 1 3 ? so as to form a single general inventive concept. 

The inventions listed as Groups IV-VJ and IX-X1 do not relate to a single inventive concept under PCT Rule 13 1 
because, under PCT Rule 13 2. they Inck the same or corresponding special technical features for the following reasons: 
the inventions of groups IV-VJ and 1X-X1 are directed to different methods of treating and/or preventing HIV infection 
which differ in their uses, method steps, and reagents and are not sn linked by a special technical feature within the 
meaning of PCT Rule 13 2 so as to form a single general inventive concept. 

The inventions listed as Groups I III. VI I -V 1 1 1 and XII XIII and the inventions listed as Groups IV-VI and IX-XI do not 
relate to a single incentive concept under PCT Ruie 13 1 because, under PCT Rule 13.2. they lack the same or 
corresponding special technical features for the following reasons The products of the inventions of Groups l-III, VII- 
VIII and X 1 1 - X 1 1 1 differ from the methods of the inventions of Groups IV-VI and IX-XI Further, the products of 
Groups I - 1 1 1 . Vll-Vlll and XII-XII1 can be used in multiple methods as evidenced by the inventions of Groups IV-VI 
and IX-XI and. ihcrelorc. the inventions of Groups I III, VII VIII and X II- X II I and the inventions of Groups IV-VI and 
IX-XI arc not so linked hy a special technical feature wiihm the meaning of PCT Rule 13 2 so as to form a single 
general inventive concept 

Tins application contains claims directed to more than one species ol the generic invention These species are deemed 
to lack Unity of Invention heeause they arc not so linked .is to form a single inventive concept under PCT Rule 13 1 
In order for more thar. one species to he searched, the appropriate aildition.il search tees must he paid The species are 
as follows: 



Species 1, claims t ! and 12. directed to CCR5 
Species 2. claims ;i ,md II. directed to gpl20 

Species 3. ci.um^ and 26. directed to j ^ . u 1 1 ( >om; ;oi ( , , mt.i L , , ,n g a CCR5 ligand and an additional hgand 
Species 4. claims 2^ .nid 26. directed lo a u m i pom: ., m g v - ■nt.nmng pcvi.ncd CCR5 hgand 

The species listed .move do no: rdatc to a smglc inventive . o,ucpi ■..ndcr PCT Ruie 13.1 oecause under PCT Ruie 
13 2. the species I iLk the same or corresponding special tccr.iiic.i: lectures lor the lot lowing reasons The species set 
lorth above are directed lo -he use ol products winch diiicr .a inci; tiicn.ie.il uuiij)o>i;iiiji. .slrue'.ure. Junction and 
biological ac; ; v it \ and arc :;oi so hnked b> :i spec, a I tec nine I leaiare uiiijh the meaning of PCT Rule 132 so as to 
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METHOD FOR PREVENTING H T V-1 INFECTION OF CD4* CEL L S 

This application is a continuation-in-part of U.S. Serial No. 
08/673,682, filed June 25, 1996, which is a continuation-in- 
part of U.S. Serial No. 08/663,616, filed June 14, 1996, 
which is a continuation-in-part of U.S. Serial No. 
5 08/627,684, filed April 2, 1996, the content of which are 
incorporated by reference into this application. 

Throughout this application, various relerences are referred 
to within parentheses. Disclosures of these publications in 
10 their entireties are hereby incorporated by reference into 
this application to more fully describe the state of the art 
to which this invention pertains. Full bibliographic 
citation for these references may be found at the end of each 
series of experiments. 

15 

Back ground of the Invention 

Chemokines are a family of related soluble proteins of 
molecular weight between 8 and lOKDa, secreted by lymphocytes 
and other cells, which bind receptors on target cell surfaces 

20 resulting in the activation and mobilization of leukocytes, 
for example in the inflammatory process. Recently, Cocchi et 
al . demonstrated that the chemokines RANTES , MlP-la and 
MlP-iC are factors produced by CD8* T lymphocytes which 
inhibit infection by macrophage-tropi c primary isolates of 

25 HIV-1, but not infection by laboratory-adapted strains of the 
virus (1). These chemokines are members of the C-C group of 
chemokines, so named because they have adjacent cysteine 
residues, unlike the C-X-C group which has a single amino 
acid separating these residues (2). While Cocchi et al. 

30 found that expression of HIV-1 RNA was suppressed by 
treatment with the chemokines, they did not identify the site 
of action of these molecules. 
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A resonance energy transfer (RET) assay of HIV-I envelope 
glycoprotein-mediated membrane fusion was used to determine 
whether fusion mediated by the envelope glycoprotein from 
the primary macrophage - tropi c isolate of HIV-1 JK _ F: would be 
5 specifically inhibited by chemokines, when compared with 

fusion mediated by the envelope glycoprotein from the 
laboratory - adapted T iymphotropic strain HIV-l^. As 
described below, it was demonstrated that this is indeed the 
case. This demonstrates that some chemokine receptors are 

10 fusion accessory molecules required for HIV- 1 infection. 

Previous studies have indicated that unidentified cell 
surface molecules are required for virus entry in addition 
to the HIV-1 receptor, CD4 . While CD4 is required for HIV-1 
attachment, the accessory molecules are required for the 

15 membrane fusion step of entry. These accessory molecules 

are generally expressed only on human cells, so HIV-1 does 
not infect non-human CD4 ' cells (3-6) . Moreover it is 
possible to complement non-human CD4 " ceils by fusing them 
(using polyethylene glycol) with CD4 " human cells, resulting 

20 in a heterokaryon which is a competent target for HIV-1 

envelope-mediated membrane fusion (7,8) . These studies have 
been performed using laboratory - adapted T Iymphotropic 
strains of the virus. 

25 In some cases, it appears that fusion accessory molecules 

are found on a subset of human CD4 ' cells and are required 
for infection by HIV-1 isolates with particular tropisms. 
For example, macrophage - tropic primary strains of HIV-1 such 
as HIV-1 JR . FL may have different requirements for accessory 

30 molecules compared with 1 aboratory - adapted T Iymphotropic 

strains such as HIV-1^. This phenomenon may explain 
differences in tropism between HIV-1 strains. 

The current invention comprises a series of new therapeutics 
35 for HIV-1 infection. It was demonstrated for the first time 
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that cMemckines act at the fusion step of HIV-1 entry ana 
specifically inhibit membrane fusion mediated by the 
envelope g i vccrrct e in of primary ^acrcpnage-:rop:c primary 
viral isolates, not 1 abcrat cry - adapt ed T 1 yxpho t rophi c 
strains cr the virus. Primary macrophage - t ropi c isolates of 
the virus are of particular importance since they are the 
strains usually involved m virus transmission, ana rr.ay have 
particular importance m the pathogenesis of HIV-1 



Thes> :esults were obtamec using a resonance energy 
transfe: (RET ' assay of HIV-:: envelope - mediated membrane 
fusion. Koreover, this assay is used to identify 

non - cnemorii nes , including fragments of cherr.okines and 
modifies criemokmes, thai inhibit HIV-1 envelope 
glycoprctem-mediated memsuane rusion and thereby neutralize 
the virus, yet do not indue- an inflammatory response. 
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Summary of the Invention 

This invention provides a method for inhibiting fusion of 
KIV-1 to CD4 + cells which comprises contacting CD4 * cells 
with a non- chemokine agent capable of binding tc a chemokine 
5 receptor in an amount and under conditions such that fusion 

of HIV-I to the CD4 * cells is inhibited. 

This invention also provides a method for inhibiting HIV-1 
infection of CD4 * cells which comprises contacting CD4 + cells 
10 with a ncn - chemokine agent capable of binding to a chemokine 

receptor in an amount and under conditions such that fusion 
of KIV-1 to the CD4* cells is inhibited, thereby inhibiting 
the HIV-1 infection. 

15 This invention further provides non- chemokine agents capable 

of binding to the chemokine receptor and inhibiting fusion 
of HIV-1 to CD4 4 cells. 

This invention provides an agent which is capable of binding 
20 to fusin and inhibiting infection. In an embodiment, the 

agent is an oligopeptide. In another embodiment, the agent 
is an polypeptide. In still another embodiment, the agent 
is an antibody or a portion of an antibody. In a separate 
embodiment, the agent is a nonypeptidyi agent. 

25 

In addition, this invention provides pharmaceutical 
compositions comprising an amount of the above non- chemokine 
agents or agents capable of binding to fusin effective to 
inhibit fusion of HIV-l to CD4* cells and a pharmaceut ically 
30 acceptable carrier. 

This invention provides a composition of matter capable of 
binding to the chemokine receptor and inhibiting fusion of 
HIV-1 to CD4 + cells comprising a non - chemokine agent linked 
35 tc a Iigand capable of binding to a cell surface receptor of 



WO 97/37005 



.NSDOCID <WC 9 73 7005 A i 



WO 97/37005 



PCTAJS97/05597 



the CD4 ' cells ether than the chemokine receptor such that 
the binding cf the nc-n - chemokine agent to the chemokine 
r e :e r tcr does r: o l o revent t h e binding of the 1 : g a n d to* the 
otner receptor . 

This invention also provides a pharmaceutical composition 
comprising an amount ci the above - de s or i bed composition of 
matter effective to inhibit fusion of HIV- 1 to CD4 * cells 
and a pha rmaceut i ca 1 J y acceptable carrier. 

Tnis invention orovides a composition c: matter capable o: 
binding to the chemokine receptor anc inhibiting fusion of 
HIV- I tc CD4 " cells comprising a non - chemokine agent linked 
tc a compcunc capable of increasing the in vivo naif- life of 
the non- chemokine agent. 

This invention also provides a pharmaceutical composition 
comprising an amount cf a composition ci matter comprising 
non- chemokine agent linked to a compound capable of 
increasing the m vivo half -life of the non - chemokine agent 
effective to inhibit fusion of HIV- ; to CD4 * cells and a 
pharmaceutical ly acceptable carrier . 

This invention provide methods for reducing the likelihood 
of HIV- 1 infection in a subject comprising administering an 
above - described pharmaceutical composition to the subject. 
This invention also provides met ho as for treating HIV-1 
infection m a subject comprising administering an above- 
described pharmaceutical composition tc the subject. 

This invention also provides methods for determining whether 
a non- chemokine agent is capable of inhibiting the fusion cf 
HIV-1 to a CD4 * cell which comprise: ia' contacting (i J a 
CD 4 " cell which is labeled with a firs: dye and in; a cell 
expressing tne HIV-1 envelope glycoprotein on its surface 
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which is labeled with a second dye, in the presence of an 
excess of the agent under condi t ions permitting the fusion 
of the CD4~ cell to the cell expressing the HIV - I envelope 
glycoprotein on its surface in the absence of the agent, the 
first and second dyes being selected so as to allow 
resonance energy transfer between the dyes; (b) exposing tne 
product cf step (a) to conditions which would result in 
resonance energy transfer if f us i on has occurred ; and ( c } 
determining whet ner there is a reduction of resonance energy 
transfer, when compared with the resonance energy transfer 
in the absence of the agent, a decrease m transfer 
indicating that the agent is capable of inhibiting fusion of 
HIV-1 to CD4 1 cells. 
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Brief Description of the Fiauret 



ur ^ 



Membrane fusion mediated by the envelope 
glycoprotein is inhibited by RANTES , MlP-lor and 
MIP- 1/3 . 

% RET resuluna iron", the fusion cf PM1 cells and 
HeLa-erA' lp . FI cr HeLs-env.^ was measured in 

the presence and absence of recombinant human 
chemckmes at ,\ ranoe cf concentrations: RANTES 
(80 - 2.b nq/x. . , N'IP-lQ' (400 - 12.: ng/ml) and 
MIP- 1/S (200 C.25 ng/ml;, as indicated. 

Cnemckmes wei>: added simultaneously with the 
cells at the initiation o: a four hour 
incubation. Data are representative cf more than 
three independent experiments which were run in 
duplicate. The percent inhibition cf RET is 
defined as fellows: 



20 % Inhibition = 100 . [(Max RET - Min RET) - (Exp 

RET- Min RET) ] / (Max RET - Min RET) 

where Max RET as the %RET value obtained at four 
hours with HcLa-env cells and CD4 -expressing 

25 cells in the absence of an inhibitory compound ; 

Exp RET is the % RET value obtained for the same 
cell combination in the presence of an inhibitory 
compound and Mm RET is the background %RET value 
obtained using He La eel 1 s m pi ace of He La 

2C envelope - expressing cells. 

Fiaure 2. CD4:HIV-1 gpl20 binding in the presence of human 
chemokineB . 

35 The binding cr soluble human CD4 to HIV-l lJv: and 




WO 97/37005 



PO7US97/05597 



8 



1 0 



1 r 



2 0 



HIV-l JF . rL gpl20 was determined in an ELI S A assay 
in the presence and absence of the monoclonal 
antibody OKT4A or recombinant human chemokines at 
a range of concentrations, identical to those 
used in the RET inhibition studies of Figure 1: 
OKT4A (62 - 0.3 nM ) , RANTES (10.3 - 0.3 nM) , 
MIP-lo (53.3 - 2.9 nM), and N!IP-1/S (25.6 - 0.6 
nM) . Inhibitors were added simultaneously with 
biotinylated KIV-L gpl20 to soluble CD4 coated 
microtiter plates (Dynatech Laboratories, Inc., 
Chant illy, VA) . Following a two hour incubation 
at room temperature and extensive washing, an 
incubation with streptavidin-horseradish 

peroxidase was performed for one hour at room 
temperature. Following additional washes, 

substrate was added and the OD at 492 nm 
determined in an ELISA plate reader. Data are 
representative of two independent experiments 
which were run in quadruplicate . 

Specificity, time course and stage of fi-chemokine 
inhibition of HIV-1 replication. 

(a) PM.n cells (1 xl0 tx / were premcubated with 
RANTES MIP- la -f MIP-lS (R/Ma/M£; lOOng/ml of 
each) for 24h (-24h) or 2h (-2h;, then washed 
twice with phosphate buffered saline (PBS) . HIV- 
1 (BaL env - complemented) virus (50ng of p24 ; see 
legend tc Table 1) was added for 2h, then the 
cells were washed and incubated for 48h before 
measurement of luciferase activity in cell 
lysates as described previously (10,11) . 
Alternatively, virus and R/Ma/MB were added 
simultaneously to cells, and at the indicated 
time points (lh, 3h, etc) the cells were washed 
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twice in PBS , resuspended in culture medium, and 
incubated for 4&h prior to iuciferase assay. 

-] ^, ^ r, >-ppreseritF t h c positive centre - , t o whic h 
nc :': cnemokines were added. *2h represent s the 
fixture of virus witn cells for 2n pricr to 
washing twice m FES , addition of R/'Mg/M:s and 
cent : nuat i on cf the culture for a further 4 8:: 
b e : c r e Iuciferase assay. 

it PXl cells 1x10' were infected with HIV-1 
'5 0t::-c: rc24' grew:, iri 2 EM cells ( NL4 / 1 , lanes 1-4) 
cr r,acrcphages :ADA; lanes 5-8) , m the presence 
c: 50Crig/ml cf RANTES (lanes 1 and 5- or MIF-lS 
(lanes 2 and t , cr with no cnemoKine (lanes 4 
and 6; . Lanes 3 and 7 are negative controls (no 
virus: . All vira- stocks used for tne PCR assay 
were treated with DNAse for 30 mm at 3 7 r C, and 
testea for DNA contamination before use. After 
2n. the cells were washed and resuspended in 
medium containmc the same fs- chemok i nes for a 
further 8h . DNA was then extracted from infected 
cells using a ONA/RNA isolation kit (US 
E i cchenica Is ) . First round nested PCR was 

performed with primers: U 3 + , 

5' - CAAGGCTACTTCCCTGATTGGCAGAACTACACACCAGG- ? ' ( SEC 
II NO : 1 ) preGaq , 

E ' - AGCAAGCCGAGTCCTGCGTCGAGAG- 3 ' (SEC IE NO : 2 ) and 
the second round with primers: LTR-test, 
5 ' - GGGACTTTCCGCT GGGGACTTTC 3' (SEO IE NC- : 3 ) LRC2 , 
: • - CCTGTTCGGGCGCCACT 2CTAGAGATTTTCCA7 I- ' (SEC IE 
NC:4'; in a Perkm Elmer 24 00 cycler with the 
following amplification cycles: 94 C C for 5 mm, 35 
eveies of 94"C fcr 30s, 55^2 fcr 30s, "2°C for 30s, 
72 2 for 7 mm. K indicates Ikn DNA. ladder; 1, 
1_ 100, 10CC indicate number cf reference 



WO 97/37005 PCT/US97/05597 

10 

plasmid (pAD8) copies. The assay can detect 100 
copies of reverse transcripts. 

Figure 4: HIV-1 env-mediated membrane fusion of cells 
5 transiently expressing C-C CKR-5. 

Membrane fusion mediated by E-cnemokme receptors 
expressed in HeLa cells was demonstrated as 
follows: Cells were transfected with control 

10 plasmid pcDNA3 . 1 or plasmid pcDNA3 . 1 - CKR 

constructs using lipofectin (Gibco ERL) . The 
pcDNA3 . 1 plasmid carries a T7 - polymerase promoter 
and transient expression of &-chemokine receptors 
was boosted by infecting ceils with IxlO" 7 pfu of 

15 vaccinia encoding the T7 - polymerase ivFT7.3) 4h 

post - lipofect ion (9). Cells were then cultured 
overnight in Kl &- containing media and were tested 
for their ability to fuse with HeLa- JR-FL cells 
(filled columns) or HeLa - BRU cells (hatched 

20 column) in the RET assay. The % RET with control 

HeLa cells was between 3% and 4% irrespective of 
the transfected plasmid. 

Figure E. Membrane fusion mediated by the HIV UI envelope 
25 glycoprotein is inhibited by SDF-1. 

% RET resulting from the fusion of PM1 cells and 
He La - env JR _ FL or HeLa-env^ ceils (as indicated on 
the graph! was measured in the presence of 
30 recombinant SDF- la (Gryphon Science, San 

Francisco; at the indicated concentrations. 
Experimental method as described in the legend to 
Fia. 1. 
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Detailed Description of the Invention 

Th;r invention provides a method for inhibiting fusion of 
HI V - 1 to CD4" eel is which compriser rcn:ac::nq CD4 " re . : r 
with a non-cherr.ckir.e acent capable of binding to a chemokine 
recector in an an.cunt and under conditions such that fusion 
or HIV-l to tm- CD4* cells is inhibited. 

This invention alsc crovides a method for inhibiting HIV- I 
infection of CI/4* ceils which comprises contacting CD4 * celir 
with a ncri-chemckme aoent capable of rinding to a chemokine 
receptor in an amcun: and under conditions such that fusion 
of HIV-l to the CD-I ' cells is inhibited, thereby inhibiting 
the HIV-l infection. 

In this invention, a chemokine means RANTHS , MIP-1-a, MIF-I- 
r cr anothei rnemckme which blocks HIV - I infection. A 
cnemokine receptor means a receptci capable of binding 
RANT EE , MIP-l-o, or anothei" cnemokine which blocks 

HIV-l infection. 

Throughout this application, the receptor "fusin" is also 
named CXCR4 and tne chemokine receptcr C-C CKR5 is aisc 
named CCR5 . 

The HIV-l used m this application unless specified will 
mean clinical or primary or field isolates or HIV-l viruses 
which maintain their clinical characteristics. Tne HIV- I 
clinical isolates may be passaged m primary peripheral 
dIoog mononuclear cells. The HIV- I clinical isolates may be 
macrophage - trophi c . 

The non- chemokine agents of this invention are capable of 
binding to chemokine receptors and inhibiting fusion of HIV- 
; to CD4* cells. The non - cnenok i ne agents include, rut are 
nc: limited tc, chemokine fragments and chemokine 
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derivatives and analogues, but do nor include naturally 
occurring chemokines . The non- chemokine agents include 
multimeric iorms of the chemokine fragments and chemokine 
derivatives and analogues or fusion molecules which contain 
chemokine fragments, derivatives and analogues linked to 
other molecules. 



In an embodiment of this invention, the non- chemokine agent 
is an oligopeptide. In another embodiment, the non- 
10 chemokine agent is a polypeptide. In still another 
embodiment, the non - chemokin-: agent is an antibody or a 
portion thereof. Antibodies against the chemokine receptor 
may easily be generated by routine experiments. It is also 
within the ievel of ordinary skill to synthesize fragments 
; r of the antibody capable cf binding to the chemokine 
receptor. in a further embodiment, the non- chemokine agent 
is a nonpept idyl agent . 

Non- chemokine agents which are purely peptidyl in 
20 composition can be either chemically synthesized by solid- 

phase methods (Merrifielc, 1966) or produced using 
recombinant technology in either prokaryotic or eukaryotic 
systems. The synthetic and recombinant methods are well 
known in the art . 

2b 

Non- chemokine agents which contain biotin or other 
nonpeptidyl groups can be prepared by chemical modification 
of synthetic or recombinant chemokines or non- chemokine 
agents. One chemical modification method involves periodate 
30 oxidation of the 2-amino alcohol present on chemokines or 

non-chemokine agents possessing serine or threonine as their 
N-termmai amino acid (Geophegan and Stroh, 1992). The 
resulting aldehyde group can be used to link peptidyl or 
non-peptidyl groups to the oxidized chemokine or non- 
35 chemokine aaent by reductive animation, hydrazine, or other 
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cnerr.istries well Known tc those skilled m the art. 

;.c used here::., a N- terminus of a protein should mean the 
terminus of the protein after it has been processed. In 
:r case c: a secretory protein whicn contains a cleavable 

signal sequence, the N- terminus of a secretory protein 
should the temihur after the cleavage cf a signa^ 

pept i de . 

-; c . This invention provides a method cf identifying these ncn- 

chernoKine agents. t ne way o: identifying such agents, 
including r.cn-peptidyi agents, that bind to a chemckme 
receptor and inhibit fusion of HIV-1 to CD4 * cells is to use 
trie following assay: : Incubate soluble CD4 with 

15 biotmylated gp!20 Iron, K:v-: Jh . F1 . or KIV-1^ : ; Z> Incubate 

this complex with CChb or CXCR4 -expressing ceils (for HIV- 
1 or gp!2jL, respectively) that do not express 

CD4 , :n the presence c: absence of a candidate inhibitor; 3) 
Wash and then incubate with st rept avi di n - phycoery t hri n ; and 

20 4) Wash and then measure the amount cf bound gp!2C using a 

flow cvtometer or f luoromet er and calculate the degree of 
inhibition cf binding by the inhibitor. 

Alternative methods to detect bound gpl20 can also be used 
25 n; place of the biotmylated gpl 20 - st rept avidin- 

phycoerythrin method described above. For example, 

percxidase-coniugated gp!2t could be used m place of the 
biotmylated gpl20 and binding detected using an appropriate 
cclonmetric substrate fcr peroxidase, with a spec t rome t r l c 
3 0 readout . 



This invention further provides the non - chemokine agents 
identified by the above methods. 
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This invention provides a non - chemokine agent capable of 
banding to the chemokine receptor and inhibiting fusion of 
KIV-1 to CD4 * cells. In an embodiment., the non- chemokine is 
a polypeptide. In a further embodiment, this polypeptide is 
5 a fragment of the chemokine RANTES (Gong et al . , 1996) . In 

a still further embodiment, the polypeptide may also 
comprise the RANTES sequence with deletion of the N-terminai 
amine acids of said sequence. The aeietion may be the first 
eight N- terminal amine acids cf the RANTES sequence (SEQ IE 
1 0 NO : 5 ;• . 

In a separate embodiment, the polypeptide may comprise the 
MIP-lls sequence with deletion of the N-terminal amino acids 
of said sequence. The deletion may be the first seven, 
15 eight, nine or ten N- terminal ammo acids of the M1F-18 

sequence . 

In another embodiment cf non - chemokine agent, the 
polypeptide comprises the MlP-lfc sequence with the N- 

20 terminal sequence modified by addition of an amino acid or 

oligopeptide. In a separate embodiment, the polypeptide 
comprises the MIF-lfi sequence with the N- terminal sequence 
modified by removing the N-terminal alanine and replaced it 
by serine or threonine and additions] amino acid or 

25 oligopeptide or nonpeptidyl moiety. In a further 

embodiment, the additional amino acid is methionine. 

As described infra in the section of Experimental Details, 
a cofactor for HIV-1 fusion and entry was identified and 
3G aesignated "fusin" (Feng et al . , 1996). This invention 

provides an agent which is capable of binding to fusin and 
inhibiting infection. In an embodiment, the agent is an 
oligopeptide. In another embodiment, the agent is an 
polypeptide . 
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In a furthe: eir.ocdimen: , the polypeptide comprises SDF-: 
with deletion of the N-termmal amine- acids cf said 
sequence. Tne aeietion may be the- first six, seven, eight,, 
cr nine N- terminal amine acids of the SDF-1 sequence. 

This invention also provides the above ncn - chemok 1 ne agent, 
wherein the polypeptide comprises SDF ■ 1 sequence w::h the N- 
terninal sequence modified to procuce antagonistic effect, to 
SDF-1 . Out- modification is tc replace the N-terminai 
qlvcine of SDK - 1 rv serine a no derivatized with motm. 
Another modification is to replace tne N- terminal glycine of 
SDF-1 by s e r i n e a n d derivatized w i t n methionine A furthe r 
modification is tc add one N- terminus cf SDF-1 with a 
methionine before tne terminal glycine . 

In still another embodiment, the agent is an antibody or a 
portion of an antibody. In a separate embodiment, the agent 
is a nonpeptidyl agent. 

The agents capable ol binding to fusm may be identified by 
screening different compounds f or their capabi lity to bind 
to fusin in vitro . 

A suitable method has been described by Fowikes, et ai. 
(1994), international application number: FCT/US 94 / 0 3 1 4 3 , 
international publication number: WO 94/2302E>, tne content 
cf which is incorporated by reference into this application. 
Briefly, yeast cells having a pheromone system. are 
engineered to exoress a heterologous surrogate of a yeast 
pheromone system protein. The surrogate incorporates fusm 
ano under some conditions performs in the pheromone system 
of the yeast cell a function naturally performed by the 
corresponding yeast pnercmcne system protein. Such yeast 
cells are also engineered to express a library or peptides 
whereby a yeast cell containing a peptide which binds fusin 
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exhibits modulation of the interaction of surrogate yeast 
pheromcne system protein with the yeast pheromone system and 
this modulation is a selectable or screenable event. 
Similar approaches may be used tc identify agents capable of 
5 binding tc both fusin and the chemokine receptor C-C CKR-5. 

This invention also provides pharmaceutical compositions 
comprising an amount of such non - chemokine agents or agents 
capable of binding to fusin errective to inhibit fusion of 
10 HIV- j tc CD4 * ceils and a pharmaceutical!;/ acceptable 

carrier . 

Pharmaceut ically acceptable carriers are well Known to those 
skilled in the art. Such pharmaceutical ly acceptable 

15 carriers may be aqueous cr non-aqueous solutions, 

suspensions, and emulsions. Examples of non-aqueous 

solvents are propylene glycol, polyethylene glycol, 
vegetable oils such as olive oil, and injectable organic 
esters such as ethyl oieate. Aqueous carriers include 

20 water, alcoholic/aqueous solutions, emulsions or 
suspensions, saline and buffered media. Parenteral vehicles 
include sodium chloride solution, Ringer's dextrose, 
dextrose and sodium chloride, lactated Ringer's or fixed 
oils. Intravenous vehicles include fluic and nutrient 

25 replenishers , electrolyte repiemshers such as those based 

on Ringer's dextrose, and the like. Preservatives and other 
additives may also be present, such as, for example, 
antimicrobials, antioxidants, chelating agents, inert gases 
and the 1 ike . 

30 

This invention provides a composition of matter capable of 
binding to the chemokine receptor and inhibiting fusion of 
HIV-l to CD4* cells comprising a non - chemokine agent linked 
to a ligand capable of binding tc a cell surface receptor of 
35 the CD4 * cells other than tne chemokine receptor such that 
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the binding c: the ncn - cnemok me agent to tne chemokme 
receptor does net prevent the binding cf the irgand to tne 
ether receptor. in an embodiment, the ceil surface receptor 
is CD4 . In another embodiment, tne Iigand is an antibody or 
^ a otrt:cn cf an ant i Doiy . 

Tn:s invention also provides a pharmaceutical composition 
comprising an amount of an above - descr iced composition if 
m.atter effective tc inhibit fusion cf HIV- I to CD 4 ' eel is 
1C arc a pnarma ceut i oa 1 1 y acceptable carrier". 

This invention provides a composition cT matter capable of 
binding tc tne chemokme receptor and inhibiting fusion of 
HIV : t c CD4 cell s coirpr l s mg a non - chemokine agent linked 
y: tc a compound capable of increasing tne m vivo half-life of 

tne non - cnemoK me agent. In an embedment , the compound is 
polyethylene glycol . 

Tnis invention also provides a pharmaceutical composition 
20 comprising an amount of a composition o: matter comprising 

o non - cnemokme agent linked to a compound capable of 
increasing the m vivo half -life of the non - chemokine agent 
effective tc inhibit fusion of HIV-I to CD4 * ceils and a 
pharmaceutical!^' acceptable carrier . 

2 5 

This invention provide methods for reducing likelihood of 
HIV-I infection m a subject comprising administering the 
above-described pharmaceutical compositions to the subject. 
This invention also provides- methods for treating HIV - 1 

3 0 infection in a subject comprising administering the abevt - 

ce scribed pharmaceutical compositions tc the subject. 

Tnis invention also provides methods for determining whether 
a non- cnemokme agent is capable cf inhibiting the fusion of 
3 c HIV - 2 tc a CL-4 * cell which comprise: 'a contacting 
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CD4 * cell which is labeled with a first dye and (ii) a cell 
expressing the HIV-1 envelope glycoprotein on its surface 
which is labeled with a second dye, in the presence of an 
excess of the agent under conditions permitting the fusion 
5 of the CD4 * cell to the cell expressing the HIV-1 envelope 

glycoprotein on its surface in the absence of the agent, the 
first and second dyes being selected so as to allow 
resonance energy transfer between the dyes; (b) exposing the 
product of step (a) to conditions which would result in 

: 0 resonance energy transfer if fusion has occurred; and (c) 

determining whether there is a reduction of resonance energy 
transfer, when compared with the resonance energy transfer 
in the absence of the agent , a decrease in transfer 
indicating that the agent is capable cf inhibiting fusion of 

15 HIV-1 to CD4 ' cells. 



HIV-1 only fuses with appropriate CD4^ cells. For example, 
laboratory-adapted T lymphotropic HIV- I strains fuse with 
most CD4 + human cells. Clinical HIV-1 isolates do not fuse 
20 with most transformed CD4* human cell lines but do fuse with 

human primary CD4 * cells such as CD4 * T lymphocytes and 
macrophages. Routine experiments may be easily performed to 
determine whether the CD4* cell is appropriate for the above 
fusion assay . 

25 

As described in this invention, HIV-1 membrane fusion is 
monitored by a resonance energy transfer assay. The assay 
was described in the International Application Number, 
PCT /US 9 4 / 14 5 6 1 , filed December 16, 1994 with International 
30 Publication Number WO 95/16789. This assay is further 

elaborated in a United States co-pending application no. 
08/475,515, filed June 7, 1995. The contents of these 
applications are hereby incorporated by reference into this 
application . 

35 
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In an embodiment of the above method, the ncn-chemokine 
agent is an oligopeptide. In another embodiment, the non - 
chemokme agent is a polypeptide. In still another 
embodiment , the agent is an antibody or a portion thereof. 
E In a further embodiment, the non - chemokine agent is a 

nonpeptidyl agent . 

In a separate embodiment, the CD4 * oell is a ?M1 cell. In 
another embodiment, the cell expressing tne HIV- 1 envelope 
10 glycoprotein is a HeLa cell expressing HIV-1 J} , r: gpl20/gp41. 

This invention will be better understood by reference to the 
Experimental Details which follow, but those skilled in the 
art will readily appreciate that the specific experiments 
lb detailed are only illustrative of the invention as described 

more fully in tne claims wh i c h fell ow thereafter . 
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Experimental Details 

FIRST SERIES OF EXPERIMENTS 

1 ) Chemokines inhibit fusion mediated by the envelope 
glycoprotein from a macrophage - tropic primary isolate 
5 of HIV-1 but not from a laboratory - adapted T- 

I vmphotrophic strain of the virus 

The chemokines RANTES , MlP-la and MIP-1/3 were obtained from 
R & D systems (Minneapolis, MN). They were tested in the 

10 RET assay for ability to inhibit fusion between HeLa-env JR . FL 

cells (expressing gp!20/gp4I from the macrophage tropic 
isolate HIV- 1 JR _ FL ) and PMi cells, or for inhibition of fusion 
between HeLa-env LA: cells (expressing gp!20/gp41 from the 
laboratory-adapted strain HIV-l^; and various CD4* T 

15 lymphocyte cell lines. As shown xn Figure 1, all three 

chemokines inhibited fusion mediated by the macrophage 
tropic virus envelope glycoprotein, but not that mediated by 
the laboratory-adapted strain envelope glycoprotein. 

20 The ability of the chemokines to block the interaction 

between CD4 and HIV-1 gp!20 which occurs at virus attachment 
was then tested. It was found that the chemokines did not 
inhibit this interaction (Figure 2) , demonstrating that 
their blockade of HIV-1 envelope glycoprot ein-mediat ed 

25 membrane fusion occurs at the membrane fusion event itself, 

rather than the initial CD4-gpl20 interaction which precedes 
fusion . 

2 ) Non-chemokine peptides and derivatives that inhibit 

3 0 HIV-I fusion 

The non- chemokines include chemokine fragments and chemokine 
derivatives that are tested in the RET assay to determine 
which are active in inhibiting HIV-1 membrane fusion. 
35 Particular attention is focused on fragments or derivatives 
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that inhibit HIV-1 fusion but do not activate leukocyte 



a) N-termmal derivatives of the chemckines . Addition of 
residues to the N- terminus of cnerr.okmes inhibits the 
function of these proteins without significantly reducing 
their ability :c bind chemokine receptors. For example, 
Met - RANTES (RANTES with an N-termmal methionine) has been 
shown to oe a powerful antagonist of native RANTES and is 
unable tc induce chemotaxis or calcium, mobilization m 
certain systems. The mechanism of antagonism appears tc be 
competition for receptor binding (9) - Similar results were 
found using other derivatives of the N terminus of RANTES (9) 
and also by N-termmal modification of other chemokmes, 
such as IL-6 (a member of the C-X-C chemckines; (10). The 
current invention includes Met -RANTES and other chemokmes 
derivatised by the addition of methionine, or other 
residues , to the N- terminus so that they inhibit f us ion 
mediated by the envelope glycoprotein of HIV - 1 JR . FL , and 



activate the inflammatory response. 

b) Chemokines with N- terminal amino acids deleted: 
Chemokine antagonists have been generated oy deleting ammo 
acids in the N-terminai region. For example, deletion of up 
to 8 amino acids at the N-termmus of the chemokine MCP-1 ia 
member of the C-C chemokine group) , ablated the bioactivity 
of the protein while allowing it to retain chemokine 
receptor binding and the ability tc inhibit activity of 
native MCP-1 (11,12) . 

The current invention includes N-termmal deletants of 
RANTES , MlP-la and MIP-1/3, lacking the biological activity 
cf the native- proteins, which inhibit HIV-1 fusion and HIV-1 
infection . 



responses . 



These non- chemckines include : 



2 0 



inhibit infection by many isolates of HIV-l, yet do not 
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c) Other peptides: A series of overlapping peptides (e.g. of 
20-67 residues) from all regions of RANTES , MIP-lo and 
MIP-1/3 are screened by the same approaches to identify 
peptides which inhibit HIV-l fusion most potently without 
5 activating leukocytes. Activation of leukocyte responses is 

measured following routine procedures (9, 10, 11, 12). 
3 ) Clomna the chemokine receptors 

Chemokine receptors required for HIV-l fusion are cloned by 
the following strategy. First a cDNA library is made in a 

1C mammalian expression vector (e.g. pcDNA3 . 1 from Invitrogen 

Corp. San Diego, CA) using mRNA prepared from the PM1 cell 
line or CD4^ T- lymphocytes or macrophages. Degenerate 
oligonucleotide probes are used to identify members of the 
cDNA library encoding members of the chemokine receptor 

15 family, for example following previously published methods 

(2) . The vectors containing chemokine receptor cDNAs are 
then individually expressed in one of several mammalian cell 
lines which express human CD4 but do not fuse with 
He La - env JR . FL cells (e.g. HeLa - CD4 , CHO-CD4 or COS-CD4) or 

2C HeLa-env^j cells (e.g. CHO-CD4 or COS - CD4 ) . Following 

analysis in the RET assay, clones which gain the ability to 
fuse with KeLa-env JR _ FL or HeLa-env u: are identified and the 
coding sequences recovered, for example by PCR 
amplification, following procedures well known to those 

25 skilled in the art. DNA sequencing is then performed to 

determine whether the cDNA recovered encodes a known 
chemokine receptor. Following expression of the receptor, 
monoclonal and polyclonal antibodies are prepared and tested 
for ability to inhibit infection by a panel of HIV-l 

3 0 isolates . 
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SECOND SERIES OF EXPERIMENTS 

The replication of primary, non- syncyt ium- inducing (NSI) 
HIV-1 isolates in CD4 + T-ceiis is inhibited by the C-C 
S-chemokines MIP-lo, MIP-l£ and RANTES (1,2;, but T-cell 
line-adapted (TCLA) or syncyt ium- inducing (SI) primary 
strains are insensitive (2,3) . The S- chemokines are small 
(8kDa> , related proteins active en cells cf the lymphoid and 
monocyte lineage (4-8) . Their receptors are members of the 
7 -membrane - spanning , G - prct em -linked superfamily, one of 
which (the LESTR orphan receptor) has been identified as the 
second receptor for TC LA HIV- 1 strains, and is now 
designated fusin {9} . Fusin is not known to be a 

S-chemokine receptor (7-9) . 

To study now - chemokines inhibit HIV-1 replication, a virus 
entry assay nased on single-cycle infection by an 
env-def lcient virus, NL4 / 3 Aenv (which also carries the 
iuciferase reporter gene) , complemented by envelope 
glycoproteins expressed in trans was used (10,11) . Various 
env-complemented viruses were tested in PM1 cells, a variant 
cf HUT- 78 that has the unique ability to support replication 
of primary and TCLA HTV-l strains, allowing comparison of 
envelope glycoprotein functions against a common cellular 
background (2,12) . MlP-la, MIP-lB and RANTES are most active 
against HIV-l m combination (2,3), and strongly inhibited 
infection of PM1 cells by complemented viruses whose 
envelopes are derived from, the NSI primary strains ADA and 
BaL (Table la) . 
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Table 1: Inhibition of HIV-1 entry in PM1 cells and CD4* 
T-cells by ft-chemokines 

% lucif erase activity 





BaL 


ADA 


NL4/3 


HxB2 


MuLV 


a) 












PM1 cells 












control without virus 


2 


2 


2 


5 


3 


con t rol with virus 


10 0 


10 0 


10C 


10 0 


10 0 


+R/Mo/MS (50/50/50) 


2 


3 


92 


117 


100 


+RANTES (100) 


1 


1 


nd 


nd 


nd 


+MIP- la ( 1 00 ) 


54 


54 


nd 


nd 


nd 


+ MIP- 1& ( 100 ) 


1 


6 


nd 


nd 


nd 


+MCP- 1 (100) 


4 6 


50 


nd 


nd 


llu 


+MCP-2 (100) 


28 


26 


nd 


nd 


nd 


+MCP-3 (100) 


58 


46 


nd 


nd 


nd 


b) 


JR-FL 


HxB2 


MuLV 






LW4 CD4 * T-cells 












control without virus 


1 


1 


1 






cont rol with virus 


100 


100 


100 






+ R/Ma/ME ( 20 0/20 0/2 00 ) 


14 


68 


nd 






LW5 CD4 ** T-cells 












control without virus 


1 


1 


1 






cont rol with virus 


100 


100 


100 






+R/Ma/M£ (200/200/200) 


15 


73 


nd 







Table 1 legend: 

PM1 cells were cultured as described by Lusso et al (12). 
Ficoll /hypaque- isolated PBMC from laboratory workers (LW) 
stimulated with PHA for 72h before depletion of CD8 + 
Lymphocytes with anti-CD8 immunomagne tic beads (DYNAL, Great 
5 NecJc, NY). CD4+ Lymphocytes were maintained in culture 

medium containing in terl eukin - 2 (lOOU/ml ; Hofmann LaRoche , 
Nutley, NJ) , as described previously (3). Target cells 
( 1 - 2x10 s ) were infected with supernatants (10-50ng of HIV-1 
p24) from 293 -cells co - trans f ec ted with an 

10 NL4 /3 Aenv- 1 uci f erase vector and a HIV-1 env- expressing 

vector (10,11). B-Chemokines (R&D Systems, Minneapolis) 
were added to the target cells simul taneously with virus, at 
the final concentrations (ng/ml) indicated in parentheses in 
the first column. The E-chemokine concentration range was 
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selected based on prior studies (2,3, . After 2h, the cells 
were washed twice with PBS, resuspended in &- 
chemokine - containing media and maintained for 48-96h. 
Lucif erase activity in cell lysates was measured as 
5 described previously (10,11) . The values indicated represent 

lucif erase activity (cpm)/ng p24/mg protein, expressed 
relative to thai in virus - control cultures lacking 
fs-chemokines (100%), and are the means of duplicate or 
sextuplicate determinations . nd , no: cone. R/Mot/M£, RANTES 
l o -r Ml F- la + MIP -IE. 



RANTES and MIP- IB were strongly active when added 
individually, while other S-chemokmes - MlP-lor, MCP-1, 
MCP-1 and MCP- 3 (refs. T3-15; - were weaker inhibitors 

15 (Table la) . However, MIP-la, MIP-l£ and RANTES, in 

comb-mat ion , did not inhibit infection of PM1 cells by the 
TCLA strains NL4/3 and HxB2 , or by the amphotropic murine 
leukemia virus (MuLV-Ampho) pseudotype (Table la) . Thus, 
phenotypic characteristics of the HIV-1 envelope 

20 glycoproteins influence their sensitivity to Is-chemokines in 

a virus entry assay. 

The env- comp 1 ement a t ion assay was used to assess HIV-1 entry 
intc CD4 + T-cells from, two control individuals (LW4 and 

2 5 LW5 1 . MIP-la , MIP- IS and RANTES strongly inhibited 

infection by the NSI primary strain JR-FL infection of LW4 ' s 
and LW5 ' s CD 4 * T-cells, and weakly reduced HxB2 infection of 
LW cells (Table lb) , suggesting that there may be some 
overiap in receptor usage on activated CD4* T-cells by 

30 different virus strains. BaL env-mediated replication in 

normal PEL was also inhibited by MIP-la, MIP-1S and RANTES , 
albeit with significant inter-doncr variation in sensitivity 
(data not shown) . 

35 It was determined when fs- chemoKines inhibited KIV-1 
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replication by showing that complete inhibition of infection 
of PM1 cells required the continuous presence of 
S>- chemokines for up to 5h after addition of ADA or BaL 
env- complement ed virus (Fig. 3a) . Pre - treatment of the cells 
5 with 6-chemokines for 2h or 24h prior to infection had no 

inhibitory effect if the cells were subsequently washed 
before virus addition. Furthermore, adding S-chemokines 2h 
after virus only minimally affected virus entry (Fig. 3a) . A 
PCR-based assay was next used to detect HIV- I early DNA 

10 reverse transcripts in PM1 cells after lOh of mfection; 

reverse transcription of ADA, but not of NL4/3 , could not be 
detected in the presence of MlP-lfi and RANTES (Fig. 3b). 
Thus, inhibition by S-chemokines requires their presence 
during at least one of the early stages of HIV-1 

15 replication: virus attachment, fusion and early reverse 
transcription . 

As described in part in the First Series of Experiments, 
these sites of action were discriminated, first by testing 

2C whether S-chemokines inhibited binding of JR-FL or BRU (LAI) 
gp!20 to soluble CD4 , or of tetrameric CD4-IgG2 binding to 
HeLa- JR-FL cells expressing oiigomeric envelope 
glycoproteins (17) . No inhibition by any of the 

S-chemokines was found in either assay, whereas the OKT4a 

2S CD4 - MAb was strongly inhibitory in both (Fig. 2 and data not 

shown) . Thus, S-chemokines inhibit a step after CD4 binding, 
when conformational changes in the envelope glycoproteins 
lead to fusion of the viral and cellular membranes (18). 
Cell-cell membrane fusion is also induced by the gpl20-CD4 

30 interaction, and can be monitored directly by resonance 

energy transfer (RET) between fluorescent dyes incorporated 
into cell membranes (17) . In the RET assay, OKT4a 
completely inhibits membrane fusion of PM1 cells with HeLa 
cells expressing the envelope glycoproteins of either JR-FL 

35 (HeLa-JR-FL, the same cell line referred to above as HeLa- 
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env JK . F: i or BRU (HeLa-BRU, the same cell line referred to 

above as HeLa-env^,) ( confirming the specificity of the 

process (17. . RANTES , MlP-lfe (and to a lesser extent, 

MIP-Ia: strongly inhibited membrane fusion of HeLa- JR-FL 

5 cells with I-'M; cells, whereas t us ion between PM1 ce 1 1 s and 

HeLa - BRU cells was insensitive to these chemokines (Fig. 

1 and Table 2a; . 

Table 2 :Ef feet of fc- chemokines on HIV-1 envelope 
glycoprotein -media ted membrane fusion 
measured using the RET assay 



% Fusion 





HeLa- JR-FL 


HeLa - BRU 


a) PMl cells 






no chemokines 


1 OC 


100 


+ R /Ma /M£ (5 0 / 4 C 0 / 1 C C i 




95 


+ RANTES (80; 


b 


100 


+ MIP-lo (4 00': 


3 9 


100 


■+MIP-1& (ioo; 




93 


+MCP-1 (10 0) 


9 9 


98 


+MCP-2 (100) 


7 2 


9 3 


+MCP-3 (100) 


96 


99 


b) LW5 CD4 * cells 






no chemokines 


100 


100 


■+ R/Ma / MB (106/533/132) 


39 


100 


■+ RANTES (106) 


65 


95 


fMIP-la (533) 


72 


100 


+MIP-1S (133) 


44 


92 


0KT4 A (3'jg/mi; 


C 


0 



Table 2 legend: 

CD 4 ' target cells (ml t ogen - a c 1 1 va t ed CD4 * lymphocytes or PMl 
10 cells' were labeled with octadecyl rhodamine (Molecular 

Probes, Eugene, OR) , and HeLa- JR-FL cells, HeLa -BRU cells 
(or control HeLa cells, not shown) were labeled with 

octadecyl fluorescein (Molecular Probes) , overnight at 3 7 U C. 

Equal numbers of labeled target cells and env- expressing 
15 cells were mixed in 96-well plates and JS- chemokines (or CD4 

MAb OKT4a) were added at the final concentrations (ng/ml) 

indi cated m parentheses in the first column. Fluorescence 

emission values were determined 4h after ceil mixing (17). 
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If cell fusion occurs, the dyes are closely associated in 
the conjoined membrane such that excitation of fluorescein 
at 45 0nm results in resonance energy transfer (RET) and 
emission by rhodamine at 590nm. Percentage fusion is defined 
5 as equal to 100 x [(Exp RET - Min RET) / (Max RET - Min 

RET)], where Max RET = %RET obtained when HeLa-£nv and CD4* 
cells are mixed, Exp RET = %RET obtained when HeLa-Env and 
CD4* cells are mixed in the presence of fusion- inhibitory 
compounds, and Min RET = %RET obtained when HeLa cells 

10 (lacking HIV-1 envelope glycoproteins) and CD4 ' cells are 

mixed. The %RET value is defined by a calculation described 
elsewhere ( 17 ; , and each is the mean of triplicate 
determinations . These values were, for HeLa - JR - FL and 
HeLa - BRU cells respectively: PM1 cells 11.5%, 10.5%; LW5 

15 CD4 * cells, 6.0%, 10.5%; R/Ma/MB, RANTES + MlP-la + MIP-1&. 

Similar results were obtained with primary CD4 4 T-cells from 
LW5 (Table 2b) , although higher concentrations of 
S-cheuiokines were required to inhibit membrane fusion in the 
20 primary cells than in PM1 cells. Thus, the actions of the 
^-chemokines are not restricted to the PM1 cell line. The 
RET assay demonstrates that £>- chemokines interfere with 
env-mediatec membrane fusion. 

25 The simples- explanation of these results is that the 
binding of certain fi-chemokines to their receptor (s) 
prevents, directly or otherwise, the fusion of HIV-1 with 
CD4 * T-cell£. It has been known for a decade that HIV-1 
requires a second receptor for entry into CD4* cells 

30 (19-21). This function is supplied, for TCLA strains, by 

fusin (9) . Several receptors for MlP-la, MIP-lS and RANTES 
have been identified (6,7), and S-chemokines exhibit 
considerable cross - react ivity in receptor usage (4-8). 
However, C- Z CKR-1 and, especially, C-C CKR-5 were 

35 identified as the most likely candidates, based on tissue 
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expression patterr.s and their abilities to bind MlP-la, 
K.IP-lJ^ and RANTES (4,7,8,15,22;. C-C CKR - 1 , C-C CKR - 5 and 
LESTR are each expressed at the nRNA level m PKl cells and 
primary macrophages {data net shown; . These and ether 
fb- cnemokine receptors were therefore PGR- ampl i f led , cloned 
and expressed . 

The expression of C-C CKR-E in HeLa-CD4 (human, 1 , COS-CD4 
(sixian; and 3T3-CD4 (murine) cells rendered each of thenr: 
readily mfectibie by the primary, NSI strains ADA and BaL 
m t.ne env - comni emont a t ion assay of HIV- : entry -'Table 3; . 
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m 

CP 

■a 



R/Ma/Mfi 


CKR-5 


3210 

756 

5000 


6336 
750 

356000 


o 

(N vo vo 
cm in o 
fH r- vo 




CKR-5 


153000 

58800 

4850 


310000 
104000 
nd 


28400 
11700 
618 




CKR-4 


534 
618 
5620 


o V£> 
O n T3 

v£> vo c 


so CO vo 

o in o 

vo in vo 




CKR-3 


516 
516 
5470 


CO vo 
in h «o 
in in c 


*r ^cr M 
n n n 
in in h 




CKR-2a 


vo vo 
H n O 

co \£> in 


h in T3 
o\ vo c 


CO CO (N 

*h m 

vo vo 




CKR-1 


o 

O O *T 
O O (Nl 

vo vo in 


4500 
1800 
nd 


o O CO 
in VO rH 
VO VO 




LESTR 


456 
378 
96700 


GO CO 

in n *o 
in C 


558 
738 
24800 




r-i 

a 


798 
660 
5800 


678 
630 
337000 


CO vo vo 
vo o in 
^ vo ^ 






ADA 
BaL 
HxB2 


ADA 
BaL 
HxB2 


ADA 
BaL 
HxB2 






C0S-CD4 


Q 
U 
1 


3T3-CD4 



in 
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Table 3 legend: 

Oh emo k i r: e recep tor genes C-C CKR - 1 , C-C CKF -2a , C-C CKR - 3 , 
C-C CKR-4 and C-C CKR-5 have no mtronc [4-8,15,22; and were 
5 isolated by PCR performed directly on a human genomic DNA 

pool derived from the FBMC of seven healthy donors. 
01 igonucleotides overlapping the ATG and the stop codons and 
ccntaimng BamHI and Xhol restriction sites for directional 
CAcnina into the pcDNA3 . 1 expression vectoi (lnvitrogen 

10 lr:c. 1 were used, LESTR (also known as fusm or HUMSTR ) 

[4,^,24 was cloned by PCR performed directly on cDNA 
derived from PM1 cells, using sequences derived from the NIK 
database. Listed below are the 5 ' and 3' primer pairs used 
in firsr (5-1 and 5 -J 1 and second (5-2 and 3-2} round PCR 

15 amplification of the CKR genes directly from human genomic 

DNA , and of LESTR from PM1 cDNA . Only a single set of 
pi'imers was used to amplify' CKR-5. 

LESTR: L/5-1 = AAG CTT GGA GAA CCA GCG GTT ACC ATG GAG GGG 
ATC (SEC ID NO: 6) ; 

2 0 L/5-2 - GTC TGA GTC TGA GTC AAG CTT GGA GAA CCA ( SEQ ID NO: 

L/3-2 - CTC GAG CAT CTG TGT TAG CTG GAG TGA AAA CTT GAA GAC 
TC (SEQ ID NO: 8) ; 

L/2-2 = GTC TGA GTC TGA GTC CTC GAG CAT CTG TGT (SEQ ID NO: 
25 9 1 / 

CKR- 1 :Cl/5-l = AAG CTT CAG AGA GAA GCC GGG ATG GAA ACT CC 
(SEQ ID NO: 10) ; 

01/5-2 = GTC TGA GTC TGA GTC AAG CTT CAG AGA GAA (SEQ ID NO: 

11 • ; 

30 Cl/3-1 = CTC GAG CTG ACT CAG AAC CCA GCA GAG AGT TC (SEQ ID 

NO: 12) ; 

Cl/3-2 = GTC TGA GTC TGA GTC CTC GAG CTG AGT CAG (SEQ ID NO: 

13 ' ; 

CKR- 2a : 02/5- 1 - AAG CTT CAG TAC ATC CAC AAC ATG CTG TCC AC 

3 5 ( SEQ ID- NO : 14) ; 
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C2/5-2= GTC TGA GTC TGA GTC AAG CTT CAG TAC ATC (SEQ ID NO: 
15) ; 

C2/3-1 = CTC GAG CCT CGT TTT ATA AAC CAG COG AGA C (SEQ ID 
NO: 16) ; 

5 C2/3-2 = GTC TGA GTC TGA GTC CTC GAG CCT CGT TTT (SEQ ID NO: 

17) ; 

CKR-3: C3/5-1 = AAG CTT CAG GGA GAA GTG AAA TGA CAA CC (SEQ 
ID NO: 18) ; 

C3/5-2=- GTC TGA GTC TGA GTC AAG CTT CAG GGA GAA (SEQ ID NO: 
10 19) ; 

03/ 3-1 = CTC GAG CAG ACC TAA AAC ACA ATA GAG ACT TCC (SEQ ID 
NO: 20) ; 

C3/3-2 = GTC TGA GTC TGA GTC CTC GAG CAG ACC TAA (SEQ ID NO: 

21) ; 

15 CKR-4: C4/5-2 - AAG CTT CTG TAG AGT TAA AAA ATG AAC CCC ACG 

G (SEQ ID NO: 22) ; 

C4/5-2 = GTC TGA GTC TGA GTC AAG CTT CTG TAG AGT (SEQ ID NO: 
23) ; 

C4/3-1 = CTC GAG CCA TTT CAT TTT TCT ACA GGA CAG CAT C (SEQ 
2 0 ID NO: 24) ; 

C4/3-2 = GTC TGA GTC TGA GTC CTC GAG CCA TTT CAT (SEQ ID NO : 
25) ; 

CKR-5: C5/5-12 - GTC TGA GTC TGA GTC AAG CTT AAC AAG ATG GAT 
TAT CAA (SEQ ID NO: 26) ; 
25 C5/3-12 = GTC TGA GTC TGA GTC CTC GAG TCC GTG TCA CAA GCC 

CAC (SEQ ID NO: 37) . 

The human CD4 - expressing cell lines HeL&-CD4 (P42) , 3T3-CD4 
(set) and COS-CD4 (Z28T1) (23) were trans fected with the 
different pcDNA3.1-CKR constructs by the calcium phosphate 

30 method, then Infected 48h later with different reporter 
viruses (200ng of HIV- 1 p24/10 e cells) in the presence or 
absence of £>- chemokines (400ng/ml each of RANTES f MlP-lor and 
MIP-1&). Luciferase activity in cell lysates was measured 
48h later (10,11). S-Chemokine blocking data is only shown 

35 for C-C CKR-5, as infection mediated by the other C-C CKR 
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genes was too weak for inhibition to be quantifiable . In 
PCR-based assays of HIV-1 entry, a low level of entry of 
NL4/3 and ADA into C-C CKR - 1 expressing cells (data not 
shown'- was consistently observed. 

Neither LESTR ncr C-C CKR-1, -2a, -3 or -4 could substitute 
for C-C CKR-: m this assay. The expression of LESTR in 
COS -CD4 and 3T3-CD4 cells permitted HxE2 entry, and HxB2 
readily entered untransf ected (cr control 

20 piasmid- trans! ected ) HeLa - CD4 cells (Table 3). Entry of BAL 

and ADA into all three C-C CKR- 5 - express ing ceil lines was 
almost completely inhibited by the combination of MIP-laf, 
MIF-Ife and RANTES , whereas HxE2 entry into LESTR- expressing 
cells was insensitive to 2 chemokrnes (Table 3) . These 

lb results suggest that C-C CKR-5 functions as a 

{$■ chemokme - sensi 1 1 ve second receptor for primary, NSI HIV-1 
st rams . 

The seconc receptor function of C-C CKR-5 was confirmed in 
20 assays of env-mediated membrane fusion. When C-C CKR-5 was 

transiently expressed in COS and HeLa cell lines that 
permanently expressed human CD 4 , both cell lines fused 
strongly with HeLa cells expressing the JR-FL envelope 
glycoproteins, whereas no fusion occurred when control 
25 plasmids were used (data not shown) . Expression of LESTR 

instead of C-C CKR-5 did not permit either COS - CD4 or HeLa- 
CD4 cells tc fuse with HeLa-JR-FL ceils, but did allow 
fusion between COS - CD4 cells and HeLa - BRU cells (data not 
shown) . 

30 

The fusion capacity of &- chemokme receptors was also tested 
in the RET assay. The expression of C-C CKR- 5 , but not of 
C-C CKR-1, -2a, -3 or -4 # permitted strong fusion between 
HeLa-CD4 cells and HeLa-JR-FL cells. The extent of fusion 
35 between HeLa-JR-FL cells and C-C CKR - 5 - expr es s l ng HeLa-CD4 
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cells was greater than the constitutive level of fusion 
between HeLa-BRU cells and HeLa - CD4 cells (Fig. 4). The 
fusion- conferring function of C-C CKR-S for primary, NSI 
HIV-1 strains has therefore been confirmed in two 
5 independent fusion assays. 

Experimental Pi scussion 

Together, the above results establish that MlP-la, MIP-1S 
10 and RANTES inhibit HIV-1 infection at the entry stage, by 

interfering with the virus-cell fusion reaction subsequent 
to CD4 binding. It was also shown that C-C CKR - 5 can serve 
as a second receptor for entry of primary NSI strains of 
KIV-1 into CD4+ T-cells, and that the interaction of 
15 fi-chemokines with C-C CKR-E inhibits the HIV-I fusion 

react ion . 
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THIRD SERIES OF EXPERIMENTS 

I 1 h e a : . e it, c a : a r SDF- : ' str or. a _ cei • - derived tac:.c: 1 is a h e 
rat;.: ^ _aaaa :c: ?us::. 2X27.^ and :.cck:- ::.! *tc::ci. by 
] a b a r a t c r v - .ni^rttc stra::;r c : H I V - 2 i R e 1 . - a a a 2 S2F - ^ 

ex:sr:r a.- a* 7eas-:r : wc : . : :\. S2'F- lo arid S L :• - 1 : ; aased cr. 
var:aL- srhcinc cf the SDF - 2 aene t'Ref . : a;ac 7 In the 
RF" a" : cncrr.ck: a- ^:rc: 1 icai.y i nh: r : ~ r rr.erar rant 

t a r : : a a e a : a r a c oy c p 1 2. 2 .. ; p 4 : : c r rc t a e 2 a o a r a C a r v - adapted 
siraa. H T 2 . aa* r\ a; 122 ap4 I Iran. : a* ria ;ai apnaae - 

:rcL'i . is'-;., a; - H7\'-^~,_ r * a a ? .now:, m Figure [ 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION 



(:) APPLICANTS: Allaway, Graham I 

Litwin, Virginia K 
Madden, Paul c 
CI scr. , Willi am C 

d:. ) TITLE OF INVENTION: A Method Fcr Preventing HIV-: Infection of CD4 - 

Cel 1 r 

( 11 1 ) NUMBER. OF SEQUENCES : 2 ' 

(iv ) CORRESPONDENCE AC DRESS : 

( A ; ADDRESSEE: Cooper L Dunhan. LLI 

(P .STREET: 11 e c ; Avenue c-i the America- 

\C- CI TV : New Ycrh 

( D ;■ S TATE : New V o r k 

< E OOIOTRY : USA 

(F: CIP: 20036 

IV: COMFUTEF READABLE FORK 

(A; MEDIUM TYPE ■ Floppy cii£K 

(P; COMPUTER: I EM PC compatibr. 

\C- OPERATING SYSTEM: PC - DOS , MS - DOS 

(p- SOFTWARE: Pa tent In Release *U.C, Version 1 . 3 ( 

IV! ' L'UKRhNT AFfL; L'A'i' J. UTJ UAYA. 

(A) APPLICATION NUMBER: 

( E ' FILING DATE 

(C CLASSIFICATION : 

ivu: ) 7-iTTORNEY" / AGENT INFORMATION : 
(A) NAME: White, Cchn r 
(E: REGISTRATION NUMBER: 2 86 7& 

(C) REFERENCE/DOCKET NUMEEF. : 5 087 5 - C- PCT/ JPW/ AK C 

TELECOMMUNICATION INFORMATION : 
{ A ■ TELEPHONE: 212-278- 04 00' 
(E) TELEFAX: 2 1 2 - 3 S 1 - 0 5 2 b 

(2) INFORMATION FOR. SEQ ID NO : 1 

C 1 ; SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 38 nucleotiae- 
;p > TY'PE : nucleic acic 
(C) STRANDEDNESS : cangio 
( E ) TO P O LOGY : linear 

(ii) MOLECULE TYPE: oligonucleotide 

(Xl) SEQUENCE DESCRIPTION: SEQ ID NO ; 1 : 

CAAGGCTACT TCCCTGATTG GCAGAACTAC ACACCAGG 3 8 

(2) INFORMATION FOR SEQ ID NO : 2 : 

Ci) SEQUENCE CHARACTERISTICS : 



(A 
<E 

< C 



LENGTH: 25 nucleotide.- 
TYPE: nucleic acic 
STRANDEDNESS : smqle 



* 
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;E TOFCLO'V ; 
KE EECYLE TYPE ;i :G:ru:\ecr:oe 

ee~l'ence eeeef 1 1 ti :-rj ■ :r nc : e 



:::fcrmation for sec :r n: 



SEQUENCE :H.^rTK;-.] ;T: CI 
:A LENGTH, j :iu :-_ f r i c 

■■ C ■ ST RA! TL. EI N E r 5 



KC RECITER TYPE c ^ : a :: ri i; c.t-rt 1 a ». 
EEEYENCF E'ES EE : F T I 1 I : I" E. IE NC : 
,ETT~0C GCTGGGGACT T7 
INFCkMATICN FOR SEC IL IE:-, 



S E E' E N 7 E C H A EE 
; A LENGTH . 

, C STRANDED! 

;l: tdfologv 



EE R I E T I IE 

- - - <ri c : 

E L - <■ i r.c _ ♦ 



. : : M E EEC v. FEE TYPP 

i xi sequence description: SEC IE NO : 4 : 

iTTGGGG CGCCACTGCT AGAGAT7 TTC CAE 
INFORMATION* FOR SEC IF NO:: 

c, SEQUENCE CHARACTERISTICS . 

I A : LENGTH : 6 0' am nc a::d- 
(PE TYPE : am no acid 
: 7 ! STRAND ETNE S : : n . c. 
ID: TOPOLOGY . n . , 

MOLECULE TYRE: p:c:e::. 

■xi SEQUENCE DESCRIPTION: EEC I D NC : : : 

Ere C\ r s Cvs Phe Ala E/j lie Ala Arg Pre 
: e 10 



jeu Pre A r a 



Aia Hi: 



He Lv 



E E e 

E C 



Giv Lv? Cvr Ser Am 



Yal Val Pht 



A; q Lvs Asn Arc G^n Yal Cvr Ala Asr. P: o ; ; Ej Lvi; L.ys Trp Val A: c 



c. c 



Mel Se: 
6 0 
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[2: INFORMATION FOR SEQ ID NO : 6 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 3l nucleotides 

{ E } TYPE nucleic acid 

(C; STRANDEDNESS cmgle 

(D) TOPOLOGY: linear 

(n) MOLECULE TYPE: oligonucleotide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : e 

7-.AGCTTGGAG AACCAGCGGT TACCATGGAG GGGATC 

; 2 ' INFORMATION FOR SEC IP NO : 7 : 

(l) SEQUENCE CHARACTERISTICS: 

(A', LENGTH: 3 C ! nucleotides 
( E. TYPE: nucleic acid 
(C: STRANTjEDNESS : single 
(D; TOPOLOGY: linear 

(ii ) MOLECULE TYPE : cl laonucleotic- 

;>;:) SEQUENCE DESCRIPTION: SEQ ID NO:* 

GTCTGAGTCT GAGTCAAGCT TGGAGAACCA 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 4 1 nucleotides 

(B) TYPE: nucleic acid 

(C) * STRAJnTDEDNES S : single 

(D) TOPOLOGY: linear 

(ii ) MOLECULE TYPE,: oligonucleotide 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 

CTCGAGCATC TGTCTTAGCT GGAGTGAAAA CTTGAAGACT 

<:> INFORMATION FOR SEC IE NO : b : 

(ii SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 nucleotides 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: oligonucleotide 
(Xi) SEQUENCE DESCRIPTION: SEQ ID NO : ^ : 

GTCTGAGTCT GAGTCCTCGA GCATCTGTGT 

(2) INFORMATION FOR SEQ ID NO : 1 0 : 

(l) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2 2 nucleotides 
IB) TYPE: nucleic acid 
:C) STRANDEDNESS : single 
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TO PC 



; : : . S E 
"T^AOA 



e;ueno: ^ 



,'PE : c.iccnu:.' 

:?rk:i"Tioi; : se. 

c rr, t r >*r. : 2 1 

:araotef : sti c< 

3 0 nuc iec::' 
■ . r ^ > ; v c c . ^ i r. cr ^ 



M O I K S U E E TVPiC: o.;Gcnuci^;t 



^TCTGACITCT G A JT 1 ' 0\AG CO TO AG AG AG A_~. - ^' 

f c information fcf sec in no:i: 

: : SK'V^KN^r CHAR-ACTERI iTl 0: 

■A LENGTH 31 n'Jciect:o.-: 
< E TYFF. : r.ucieic ac:c 

s ;j;r ednes s ■ c i no _ * 

i E Tf.ECLOGV : I mea: 
; - : MC EE TEE E TV P E : o a 3 a dh u c i e c. ; j o 

ixi: seqi^?v:t eescriftion: sec no:i;. 

CTCGAGCTGA GTCAG AA C 0 0 AGCAGAGAGC T ' 3: 

i: INFORMATION FOR SEC ID NO:E 

SEQUENCE CPIARACTERI ST I CS 
(7, ; LENGTH: 3 0 nucleotide: 
(P TYPE : r.ucieic ac:c 
:c STRAJICEENESE : s;nc.. 
(E TOPOLOGY: linear 

i ' MC LECE'LE TYPE . chacr.ucjtcl:^' 

!x: ■ S ECU FN SE EESCRI FTI ON : SE, II NO : 1 j 

G1 CTGAGTCT GAGTCCTCGA GCTGAGTCAG 3C 

;i INFORMATION FOR SEC IV NO : I *i 

!i' SFCUENCF CHARACTER I STI Of 

(A LENGTH: 31 nucleotiat: 
(E TYPE: nucleic acid 
; 0 STRANOEDNES S : sinq:^: 
I E TOPOLOGY : 1 ineai 
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AAGCTTCAGT ACATCCACAA CATGCTGTCC AC 



(2- INFORMATION FOR SEQ ID NO : 1: 

i i .: SEQUENCE CHARACTERISTICS ■ 

(A;. LENGTH: 3 0 nucleouaes" 
( E ' TYPE: nucleic acic 
(C) STRANDEDNESS : single 
{ E 1 : TOPOLOGY: Imea: 

i:: ' MOLECULE TYPE : chqcnucieotide 

IX) ; SEQUENCE DESCRIPTION: SEC 1 3 E 1 NOT: 

GTCTGAGTCT GAGTCAAGCT TCAGTACAT" 

[2 INFORMATION FOP SEC 1 D NC : I t 



SEQUENCE CHARACTERISTICS 
(A LENGTH: 31 nucleotide; 
(R- TYPE: nuclei: «cic 
(C: STRANDEDNESS: s:nq> 
<;D: TOPOLOGY: linea: 

MOLECULE TYPE : c; ioonuc:eotidf 

SEQUENCE DESCRIPTIONS SEQ II' NO : 1 e 



<2 ! INFORMATION FOR SEQ ID NO : U 

(l; SEQUENCE CHARACTERISTICS: 

{/,. LENGTH: 30 nucieotices 
( E ) TYPE: nucleic acjc 
(CJ STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: o 1 i g onu c 1 eo t i ae 

(XI ; SEQUENCE DESCRIPTION: SEQ ID NO : 1 7 ; 
GTCTGAGTCT GAGTCCTCGA GCCTCGTTTC 3 C 

(2) INFORMATION FOR SEQ ID NO : 1 & : 

( i ' SEQUENCE CHARACTERISTICS: 

[A) LENGTH : 2 9 nuci eotides 

( B ) TYPE: nucleic acic 
<C) STRANDEDNESS: single 
(Dj TOPOLOGY: lines: 

(li MOLECULE TYPE: oligonucleotide 

ixi! SEQUENCE DESCRIPTION: SEQ ID NO : 1 £ : 

AAGCTTCAGG GAGAAGTGAA ATGACAACC 2 5- 

(2: INFORMATION FOR SEQ ID NO : 1 S- . 

(i; SEQUENCE CHARACTERISTICS ■ 

(A) LENGTH: 30 nucleotides 



tr TT._TT. l t 



r CAC-CCG A O A 
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TYPE: r.uc^. 

stralteekes. 

TCPOEOOV : 



a c a c 
2 i n a j 



xi sequence iKr:?.: itjci: : sec ir nc : 

i : A GTCT G A O T C A A G V " TG A G ^ G A G AA 

; :;f; emati ok f ~g ee; :: nc . z c 

SEQUENCE CHARACTER 1ST! C£ 

i E TVPF : mi:- - : r 

IC' E TRALC EH EE E : : cma.t- 

tr tgpjlc-'-v i 1:^5: 

MOLECULE EEL i^.cc^uc^cnc' 

■:xi SEQUENCE EE E CF : P T : C K ■. SEC IT NC : 

AGGAGA CCTAAAACA- AATAEAGAGT TCE 

INFORMATION FOF SEC IE NC : I 1 

- SEQUENCE CHARACTERISTICS 

(A - LENGTH. 30 r.'jcject ;ae. c 
( h ) TYPE: nucA-:c hc:c 
( G .! S T R A! EC E E ? 7 E E £ : Sinqif 
( D ; TOPOLOGY . i ::iea: 

in; MOLECULE TYFF: oLgcr.ucieot:cit 

ixi 1 SEQUENCE LEE OKI PT1 CK : SEQ ID NO: 

'GAGTCT GAGTCCTCGA 0 G A G A O CT AA 

information foe he; id nciEE 
; i : sequence characteristics : 

( A ; LENGTH : 3 ^ nuc i ect i de s 

( H ? TYP E : nucleic acid 

(C* STRANDEDNESS : single 

(Ei TOPOLOGY : linear 

il ' MOLECULE TYI L : cLaonucieotidt 

{ x 1 ' S E QUENCE DESCRIPTION: SEQ IE NO 

GCCTGT AGAGTTAAAA AATGAACCCC ACGG 

I N FORMAT I ON FOE SEC IE NO : I 3 : 

<i: SEQUENCE CHARACTERISTICS 

\ A LENGTH . 3 C nuci eouaes 
(B* TY'P'E : nucleic acid 
(O' STf-AlLOEE'NES£ : single 
it • TOPOLOCV : 1 inea: 

i _ MO L E COLE T Y 7 E : c 1 igcnu elect ice 
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(xi) SEQUENCE DESCRIPTION: SEC 1 ID NO : 2 



GTCTGAGTCT GAGTCAAGCT 



TCTGTAGAGT 



3 0 



il; INFORMATION FOR SEC ID NO : 2 4 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 34 nucieotider 
(B; TYPE: nucleic acid 
(C; STRA2CEDNESS : single 
(D'i TOPOLOGY: linear 

(ii) MOLECULE TYPE: ol i aonucl eot a c- 

fx:'; sequence description: seq id n 
ctcgagcc7\t ttcatttttc tacaggacag catc 
information foe seq id no:25: 
(i, sequence characteristics : 

{ A LENGTH: 3 0 nucleotide; 

(F TYPr nucleic acid 

C STRANDEDNESS : smalt 

(D tjFCLOGV . Imea: 

(ii ' MOLECULE TYPE: cl igonucleou 



;C, INFORMATION FOP SEQ ID NO : 26 : 

(i; SEQUENCE CHARACTERISTICS: 

{A! LENGTH: 35 nucleotides 
( E ' TYPE nucleic acid 
(C: STRANDEDMESS : single 
{D: TOPOLOGY : 1 inear 

(::! MOLECULE TYPE: oligonucleotide 

ixi) SEQUENCE DESCRIPTION: SEQ ID NO : I: i 

GTCTGAGTCT GAGTCAAGCT TAACAAGATG GATTATCAA. 

12) INFORMATION FOE SEQ ID NO : 2 7 ; 

(i) SEQUENCE CHARACTERISTICS: 

(A: LENGTH: 39 nucleotides 
(B: TYPE: nucleic acid 
(C STRANDEDNESS : single 
(D; TOPOLOGY: linear 

(n) MOLECULE TYPE: cl igcnucl eot l ae £ 

(XI ) SEQUENCE DESCRIPTION: SEQ ID NO : 2 7 

GTCTGAGTCT GAGTCCTCGA GTCCGTGTCA CAAGCCCAO 



GTCTGAGTCT GAGTCCTCGA GCCATTTCAT 



3C 
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What is claimed is 

1 A r, -:- t nc ; :c: : :::c iuf::i. c : H T V - ~. ;c CL - " ce_: 

wm:c!. ccttx: : . c --: rc^i actmc CI - : ce^-: will: a ncn 
::.e^cKi:,c a u e :r :: a p a b - s : r :.c * : a c r. e rr, c ; n > 

receotcy ;r. ai. axo on* and ur;de: :cnd:;.::^£ such tna: 



:i.r.:r:teo 



i; which conx:]^: -::;:a:t::ic CI.-:' cel.i with a nc: - 

:::y-nok:::' : a : . ' :ai.ai.-i 1 o. y ;:ic::.c :c a c.nemck.::' 
: e c e r« t c r i n a : . a r. . o t: n : and u no e i c o naitJcns sue h t n a * 
:usicn oi KIY-j : c ny- ID4 ' re: ir inhibited, :her-ry 

:nhir;tinc -IIV- ' ecticr. . 

Trie me:noc c: aai:: 1 or 1. , where-:. the ncn - cnenoKiii'- 
agent is an c.iaopeptide . 

4 The net hoc c: na]:-. : or 1, where::; the ncn - chemok : n* 

P. C agent is a '/peptide . 

i . The method c: ::ai;i, _ cr a, wherein the non- chenck ■ n». 
agent is an antincdy or a portion of an antibody. 

2 [ < The method c : plain. : or 2 ( where i r. the :ion-c h e mo k : n e 

aaent is a n c ::;ept i dyi agent . 

' . A non - chemok me aaent capam e o: binding to a chemckme 
lecertcr anc inhibiting fusicr. o: HIY-1 tc CD4 * celh . 



T:ie ncn - chemok i ne agent of cram ^ , wnerem tht nor. 
o h e mo k i n e a c e n t is a oligopeptide. 

Tne non - cnerpoe : ne agent of oiain ' , wherein t.he nrn 
shomokinc age::: :s a ncnpeptidyl aaent . 



% 



3 0 
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10. The nor. - chemck i ne agent of r:ain 7, wherein the non- 
chemokine aaent is a polypeptide. 

11. The nor: - chemok i ne agen: of claim 10, wherein one 
polypeptide is an antibody or a portion of an antibody. 

11. The nor. - cnemok l ne aaen: :: c:a;n 10, wherein the 
polypeptide comprises ammo aoid sequence as set icrtlj 
m SEC I T- NO : L . 

1 1- . The ncn - chemokme aaen: c: claim 10, wherein tne 
polypeptide comprises: tro KIP-]^ sequence with the 
deletion of tne firs: sever: N- terminal ami no aoios of 
sale sequence . 

14. The non- chemokme aaen: c: claim 10, wherein the 
polypeptide comprises tne sequence with tne 

deletion of the first eich: N- terminal anmc acics cl 
said sequence. 

IE. The non - chemokme agent cl claim 10, wherein the 
polypeptide comprises tne KIP- In. sequence with the 
deletion of the first nine N- terminal ammo acids of 
said seouenct . 

10. The ncn - chemokine agent c: claim 10, wherein the 
polypeptide comprises tne MJP-lk sequence with the 
deletion ct the first ten N- terminal ammo acids of 
said sequence . 

17. The non- chemokme agent of claim 10, wherein the 
polypeptide comprises tne MlP-lil sequence with tne N- 
terminal secuence modified oy addition of an amino acid 
or oligopeptide . 
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i la 

PC . 



CI: - c::encKint a a * 
: C : a c onvp r i 5? e: r 
. s -ni: e-ri r r.c:: 
.- anc repiac:::^ 
c w a ^ a m i n c cs c i a 



c: clsirr 2 ( wherein the 
KIF-if: sequence with :;ie N- 

v serine cr L:a-crin* and an 
c ^:a:pepnde c: r:on;:ept :ay. 



moKine ac 
a m :r;c a c 



:e t cn:i:' 



t ne 



1 : - v 



ectic n 



c: I J O 



Th- aoer.: o: cia:r 
ci 2 cct'er. t ide . 



whe: ei:. t h - 



ace :i * 



ail 



in- aoen; c: 
nc _ vt e: tide. 



cla:: 



where a n the aaent is a 



In-. :.c:.* cneir.oKine ac-ra 
P ° J > ' p e r a i d e compri s t t 
deletion cf the firs; s: 
s a i a seoaence. 



: c 1 a i tt. 2 1 , where in t he 
SDF-l sequenc- witr. the 
N - terxmal amine acids ol 



T a - a -a n - c n e mo k l n t 
p c _ ypc : : :ae comp r i s 
ae-et;:r. cf the firr 
sa:c seauence . 



acen: c! clam 111, whereir: the 
t a ► SDF - i s e q a e n c with the 
sever N- terminal arr.ir.c acids of 



T :. a c a - c h e mo k i n e ■ ace: 
p c . yp eptide c omp r i s - ■ r 
oeleticn cf the firs; 
sa i a secuence . 



c: cla:n. 7.1 , wherein the 
tn- SDF-l sequence with the 
e a a h t N - t e r m mal amine acids of 



7h 



c:iemoK i ne a a era 



car 



the 



% 
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polypeptide comprises the SDF- : seauence with the 

aeletion of the first nine N-ternmaJ ammo acids ci 
sa 2 a sequence . 

b 27. The non-chemokint agent o: claim 22, wherein the N- 

terminal glycine ol SDF-1 is replaced by serine and 
derivatized wit h b i c tin. 

2c r I'nr non- cnemoKine agen: c: ciain 22, wnerem the K 
It- terminal glycine- ct SDF - 1 is replaced ry serine and 

aerivatizea witn methionine. 

2:2 Tne non-cheir.okmc aaer.t of cia:n 1:1, wherein the N- 
ter minus oi SDF - 1 is modified ry in- addition o; a 
I: methionine beicr- tne terminal Glycine . 

3C The agent of claim 22, wnerem tne agent is an antibody 
cr a portion c: an ariiDOcy . 

2C 31 T:k agent of claim 2C, wherein the agent is a non - 

peptidyl agent. 

22 A pharmaceutical composition comprising an amount ct 
the ncn- chemokme agent of claim. 1 eflective to inhibit 
2b fusion of HIV- i tc CD4 * cells and a pna rmaceut l cal 1 y 

acceptable carrier . 

32. A pharmaceutical composition comprising an amount o: 

tne non - chemokme agent of claim 2 0 effective tc 

3C inhibit fusion ci HIV- : tc CD 4 * ceils and a 
pharmaceuticaliy acceptable came: . 

3 4 A composition of matter capable of binding tc 

cnemokme receptor and inhibiting fusion of HIV - j 1 1 
32 CD4 * cells comprising a non - c nemok i ne agent linked tc 
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o .;canc c ^ p a : 
c f 7. h r 777 7- " (' 



c: n a m g t c a 
otiie] 7. ha:, 7. 



';:iejiCKi:.' : - , vr; ::r noes not : 
1 1 a a :i a 7. c t r : - c r r.ej" r e c e p t c : 



cell surface recep' 
c n e m c k me : e c e p ' 
7.\-'.TiCki:iC: acierr* 7 
:. _ : the Ciiidinn c : 



The compc c : 7 i : n 7 I ma o 1 c i 

surf a c- : v'/er::: :i CLVj . 



whe:e::i 7 n- o 



. ;o conpj 
1 a can::: c 
ant i cdcv 



mc 



a : n 



wne ic::. 

"::c:: c 



A nna rma cea 7 i r ~ 
t n>: ccmpc sru o: 
inhibit :ufic: 
o ha r rr. a c e u t ;c a 



compos i tier 
ci matter c 
of HIV- 7 



ami. j' i s : 
c j a i rr 



r/ acceDtabi^ came: 



■;c ar amount c I 
■■4 effect: ve t c 
cells a n c 



o: bind ma 



: ma 1 1 e : capa l i 
chemokinf receptor and inhibiting: fusion of K1V - ] tc 
CD4 * reir co;ir: : sing a non - chernok i ne agent ImKec tc 
a compcunc capable of ir:creasii;c the in vjvc ha 1 f - ^ i I e 
of the nor - chemok l ne agent . 



Th e c orrvD cr;::ci: c f matte:' c : c i a . 



wne re i r 



ccT.pcurK 



ve t h v i e n e a: v c c - 



A pharmaceutical composition comprising an amount c: 

? ^ r * : * c : : v e t c : n h : b i t fusion 
Ei 1 1 c a oh a r ma c eut i c a 1 1 y 



t n e c ompe s : t - on or _ a : m 
of HIV-: tc CD 4 * celji- 



accettabl 



^ >■ 



r i - 



A method :cr reducing the lr-:e:::roc of HIV - 1 miect : cr 
I: . c su:_;.ec: ccirp] :^7 : ' a dmi n : s t c r : ng t n*- 

pharmaceut : ca 1 compos: ticn r ! cu a : mi 3 1, 11 , c7 cu 4; tc 
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the subiect. . 



41. h method tor creatine H3V-: miecticn in a subject 
comprising admim sr. er i na the pharmaceutical composition 
of claim 31, 33, 29 or 4 1 tc tne subject. 

4 3. A method fcr determrnnc wfi-tner a ncn - cnernck l ne agent 
i 5- capable c: inhibiting r ne rusion of HJV-l t c a CD4 ' 
ceii whicn comprises. 

(a contacting (i; a CI'-'' ♦ • • . . which is labeled with 
a first dye, witr. ■' i 1 o cell expressing tne HIV- 
1 envelope glycoprotein on its surface, which is 
labeled with a Fee one dvc , in the presence of an 
excess of the a gen*, ur.cer conditions permit tine 
tne fusion of t n - 17' cell tc the cell expressi nc 
tne HTV-1 envelop- glycoprotein on its surface in 
tne absence of t rr: acent , the first anc second 
aver oemg selectee sc as to allow resonance 
energy transfer between the dyes ; 

(b exposing the product c: step [a] tc conditions 
which would result m resonance energy transfer 
if fusion has occurred; and 

tc determining whether there is a reduction of 
resonance energy transie: , when compared with the 
resonance energy transfer in the absence of the 
agent, a decrease m transfer indicating that the 
aaent is capable c: .inhibiting fusion of HIV-I to 
CD4 " cells. 



44. The method of claim 4 1.. wherein the agent is an 
ol i gepept i de . 



45 



The method of claim 
pel ypept i de . 



wnere in the agent is c 



# 
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met noc: 



a r: t 



c ; a i r 4 _/ wnerein i i 
rt : rr: c : a:; anti bed 1 .- . 



l c j e n t 



ar. 



Te t nc;; c : 
ep:icyl aaen: 



wne re i 



^ c: e ; i ; 



pk: 



ac!20 / ar 



•reir t::e 



el- exrr^ssmc 



- 1 enve 1 cpf c 
" 1 9P ^ ^ ^' ^ ^ 



: 1 1 e r e - r. 



expressing th- 
el- express inc: 
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Box II Observations where unity of invention is lacking (Continuation of item 2 of first sheet) 



This International Searching Authority found multiple inventions in this international application, as follows: 
Plc-asc see extra shed. 



I | | As ali required additional search fees were timely paid by the applicant, this international search report covers all searchable 
claims 

As alJ searchable claims could be searched without effort justifying an additional fee. this Authority did not invite payment 
of any additional fee 

As only some of the required additional search fees were timely paid by the applicant, this international search report covers 
only those claims for which fees were paid, specifically claims Nos : 




No required additional search fees were timely paid by the applicant Consequently, this international search report is 
restricted to the invention first mentioned in the claims; it is covered by claims Nos 
1- 19 and 32 



Remark on Protest [ | The additional search fees were accompanied by the applicant's protest 

| ] No protest accompanied the payment ot additional search fees 
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International application No. 




PCT/US97/05597 



Box II Observations where unity of invention is lacking 

1 This International Search Authority has found 6 inventions claimed in the International Application covered by the 
claims indicated below 



This application conLains the following inventions or groups of inventions which arc not so linked as to form a single 
inventive concept under PCT Rule 13 1 

Group 1, claim(s) 1-19 and 32, drawn to a method for inhibiting fusion of HIV-1 to CD4 cells, a non-chemokinc agent 
capable o r binding to a chemokinc receptor and a pharmaceutical composition 

Group 11, claim(s) 20-31 and 33. drawn to an agent capable of binding to CXCR4 (fusion protein) and a pharmaceutical 
composition 

Group III, daunts) 34-37, drawn to a composition of matter comprising a non-chemokinc agent Linked to a ligand 
capable of binding non-chemokinc receptor and a pharmaceutical composition 

Group IV, claims 38-40, drawn io a composition of matter comprising a non-chemokinc jgent linked to a compound 
capaotc of increasing the in vivo half-life of the non-chcmokjnc agent and a pharmaceutical composition. 

Group V, claims 4 1 and 42, drawn to a method of reducing and treating infection 

Group VI, claims 43 50. drawn to a method of determining non-cficmokine agents. 



and it considers that the International Application docs not comply with the requirements of unity of invention (Rules 
13.1, 13.2 and 13.3) for the reasons indicated below; 

The inventions Listed as Groups I. V and VI do not relate to a single inventive concept under PCT Rule 13 1 because, 
under PCT Rule 13.2, Lhcy lack the same or corresponding special technical features for the following reasons: The 
different inventions have different method steps, such as inhibiting fusion, reducing or treating infection and 
determining a non-chemokine agent. 

The inventions listed as Groups I- IV do not relate to a single inventive concept under PCT Rule 13.1 because, under 
PCT Rule 13.2, Lhcy lack the same or corresponding special technical features for the following reasons: a non- 
chemokine agent of Group I binds to a chemokinc receptor; an agent of Group II binds CXCR4. a fusion protein; a 
composition of matter of Group III binds a non-chemokine receptor; and a composition ol mailer of Group IV increases 
the m vivo half-life of the non-chcmokine agent. 



Form PCT/ISA/210 (extra shed)* July 1992)* 

DC " *wr 9737C-:bA • 



% 



